Genetic diversity in Northern Spain (SW Europe)
Introduction
GM and KM immunoglobulin (Ig) antigens, along with HLA system, are the classical polymorphisms showing the greatest variation in humans. The GM system is defined by a set of antigens (allotypes) on the Ig heavy chains of IgG1, IgG2 and IgG3 subclasses. Since the genes encoding these subclasses are closely linked on chromosome 14, 1,2 the different allotypes of each subclass are inherited in fixed combinations or haplotypes. The KM allotypes located on the constant part of Ig kappa light chains are independently inherited by the Kappa gene on chromosome 2. 3 Whereas the variation in the KM system is only noticeable between the main ethnic groups, GM haplotypes have been shown to be a powerful tool in human population genetics due to their high frequency variation between populations. Furthermore, since several haploptypes are specific to certain groups 4, 5 they allow the possibility to evaluate gene flow and admixtures.
Despite the outstanding potential of GM polymorphism, in practice its usefulness to human population studies have been impoverished by the irregular distribution of available data and by the heterogeneity of allotypes tested in the different groups, which poses a problem for comparison purposes. In Europe, for instance, GM distribution has been extensively analysed, but not all different areas are uniformly represented: most surveys did not test for the interesting G2M (23) allotype that enables discrimination of the most frequent haplotype GM*3;5*, 26,27 between GM*3;. .;5*, 26, 27 and GM*3; 23; 5*, 26, 27 . Likewise, through the determination of the G3M (6, 15, 16, 24) , African haplotypes can be accurately distinguished from those originating in western Asia. This paper deals with GM and KM diversity in three Spanish populations. The study used a complete panel of allotypes. Although studies of GM in Spanish populations have been reported, [6] [7] [8] [9] the lack of informative allotype determinations represents a remarkable gap in information. This study analyses three Spanish samples, coming from the Guipúzcoa and Alava provinces of the Basque Country, and from Montes de Pas in the Cantabria region ( Figure 1) .
The anthropological and geographic features of the populations examined bring additional interest to this study. The first point refers to the geographic position of the Basque samples in the south-western Pyrenees, the geographical and political border which separates the Iberian Peninsula from the rest of mainland Europe. The genetic landscape of the Pyrenees has been for a long time of interest to anthropologists trying to assess the genetic trail of possible east-west and north-south population interchanges. Some studies, using other classical markers such as blood groups, proteins and HLA antigens, have suggested the existence of an east-west gradient with the genetic distinctiveness of the Basque population at the western extreme. 10 However, Ig data reported only for the northern side of the Pyrenees 11, 12 seem to suggest greater genetic proximity between the western and central Pyrenees, as against the easternmost part. These first data about the southern side of the Pyrenees will enable the genetic relationships between Pyrenean populations to be analysed better.
Concerning the Basque samples, Guipúzcoa, Alava and Vizcaya are the component provinces of the autonomous region of the Basque Country in northern Spain. There are also Basques in Navarra (Spain) and in the Département des Pyrénées-Atlantiques in southwestern France. The Basques are ethnically distinct from surrounding peoples. Many studies have established their genetic and linguistic peculiarities, considering the present-day Basques a relic of the ancient population of Europe [see as a review Cavalli-Sforza et al 13 ]. This peculiarity has been preserved more fully in Spanish Basques than in French Basques, who have probably had greater influence from abroad. In spite of the numerous surveys on the genetic characteristics of the Spanish Basques, no data on Ig markers have yet been published. Another question is the homogeneity or heterogeneity of the Spanish Basque population.
Several studies 14, 15 have suggested a certain degree of genetic heterogeneity, the main subdivision being between North (Guipúzcoa and Vizcaya provinces) and South (Alava province). This differentiation agrees with the geographical subdivision established by the mountain range that constitutes the watershed, and is consistent with other archaeological, 16 ethnological 17 and skeletal 18 differentials. The Ig genetic markers of clearly separated geographical areas of the Spanish Basque Country will enable the hypothesis of Manzano et al 19 which distinguishes the 'Atlantic' Spanish Basques in the North (Guipúzcoa and Vizcaya provinces) from the southern group with more 'Mediterranean' influence (Alava province) to be tested.
The study of a particular population, geographically near the Basque Country but non-Basque, from the Montes de Pas can serve not only to analyse the genetic relationships of Basques with surrounding populations, but also to explore the unique characteristics of this population. Montes de Pas is a rough region encompassing several small and deep-set valleys in the south of the Cantabrian Mountains, between Cantabria and Burgos provinces (North Spain). The human presence in this region could be very ancient due to the existence of natural passes between these two provinces. The oldest historical evidence supports the passage of Romans, and later Visigoths, in order to conquer Cantabria. However, human settlement was probably not constant until the beginning of the 11th century when the award of pastures was historically documented. At this time, repopulation from neighbouring areas took place, perhaps with small contributions from ethnic minorities. Since the 18th century, the population of the region has fluctuated at around 5000 inhabitants. People from Montes de Pas have a different life style from other people in the Iberian Peninsula. The 'Pasiegos' are shepherds who more seasonally between different cow pastures they own along the mountains. They possess a house in each pasture, so farmhouses are scattered over the mountainous slopes. Their extreme adaptation to the environment has produced a relatively isolated population with little interaction with other parts of the province (83.7% of endogamy and 6. 
Materials and Methods
A total of 503 individuals coming from three Northern Spanish regions, Guipúzcoa (n = 112), Alava (n = 294), and Montes de Pas (n = 100), were studied. Blood specimens were collected from adult, unrelated, apparently healthy people of both sexes living in rural areas, and only individuals whose four grandparents were natives of the same region were considered. The Basque samples from Guipúzcoa and Alava were taken from autochthonous individuals of the two provinces. Guipúzcoa, is the smallest of the Basque provinces (1997 square km, and 705 933 inhabitants), whose central position has enabled it to preserve its language and ancient traditions more fully than the other two provinces. To the south of the Pyrenees, the province of Alava, with an area of 3074 square km and 260 580 inhabitants, is open to the Ebro basin. The Montes de Pas sample comes mainly from hamlets scattered in the main valleys of this mountainous region of around 5000 inhabitants.
GM and KM Typing
Serum samples were typed for 16 GM allotypes belonging to the three IgG subclasses G1M(1,2,3,17), G2M(23), G3M (5, 6, 10, 11, 13, 14, 15, 16, 21, 24, 28) and for the KM(1) allotype, according to the standard agglutination inhibition method. 22 The reagents used are listed in Table 1 .
Statistical Analysis
Haplotype frequencies were estimated using the maximum likelihood method. 23 Goodness of fit to the Hardy-Weinberg equilibrium and allele frequency differences between populations were evaluated by means of the chi-square test. Heterozygosities were estimated as 1-Σx 2 i , where x i is the estimated frequency of the i-allele in each system.
For comparative purposes, data on other Pyrenean populations were selected from the literature. 11 Their geographic locations are shown in Figure 1 . To quantify the degree of genetic diversity among populations, F ST statistic 24 was used as a measure of the proportion of genetic variance attributable to population subdivision. The significance of F ST was determined by Workman and Niswander's 25 method. Genetic distances between pairs of populations were calculated by GENDIST program in PHYLIP 3.5c package 26 according to the methods of Cavalli-Sforza and Edwards, 27 Reynolds et al 28 and Nei. 29 Reynolds' distances were selected because these measurements are proportional to the time of population separation if the main differentiation agent is genetic drift, as seems to be the case for human populations at a microgeographical level. Standard errors of the distances were computed by the bootstrap resampling method. 30 A graphical representation was carried out through principal-component analysis of a variance-covariance matrix from original data 
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Results

Phenotype and Haplotype Distributions
GM and KM phenotype distributions are shown in Table 2 . Some uncommon phenotypes, all of them previously reported [32] [33] [34] 11 [GM(1,2,3,17;23;5*), GM(3;23;5*,21,28) and GM(1,3;…;5*,21,28) in Alava; GM (1,3,17;23;21,28) and GM (1,3,17;23;10,11,13,15,16) in Montes de Pas], were excluded from haplotype calculations, except for the carriers of haplotype GM *1,17;23;21,28 , one of the most frequent among the rare haplotypes. In all cases, phenotype distributions showed no significant deviations from the HardyWeimberg equilibrium. Table 3 reports the GM and KM haplotype frequencies with the estimated confidence intervals.
Heterogeneity for the distribution of GM was observed among the three populations examined ( 2 8 = 17.458, P = 0.025). Pairwise comparisons also revealed significant differences (Table 4) for several GM haplotypes. Unlike for GM, similar frequencies for KM alleles were found among the three populations (Table 3) .
Spanish Haplotype Frequencies within the European Variation
In relation to GM and KM variation in Europe (Table  5) [38] . 2 Only data from French Pyrenean populations were available. 3 B, Berber population from Tunisia. 4 G, General non-Berber population from Tunisia.
As for KM allotypes, the observed frequencies KM*1 + KM*1,2 in the Spanish samples range within the variation described in Europe and are noticeably lower than in North Africa (Table 5) .
Comparisons between Populations from Pyrenees
The genetic relationships between the three Spanish populations were assessed in comparison with other historic and geographically related groups from the French Pyrenees 11, 12 . A first approach to interpopulation heterogeneity was tested by contingency chisquare test and Wright's F statistics. The chi-square analysis indicates remarkable divergences between the three Spanish samples and the eleven French Pyrenean groups, Montes de Pas being the most differentiated (all comparisons were significant), followed by Guipúzcoa (5 out of 11 values were significant) and Alava (4 out of 11 differences were significant). For KM, none of the 33 comparisons was statistically significant. The total number of significant differences (20 out of 66 comparisons) is clearly higher than that expected by pure chance (3.3, at a significant level of 0.05).
F ST values for interpopulation differentiation are given in Table 6 . The F ST for GM reveals a significant (at the 0.001 level) degree of variation across the 14 populations considered, and also across the more strictly Pyrenean groups, if the geographically separate population of Montes de Pas is excluded. These values are similar in magnitude to values found among Mediterranean regions for 15 genetic markers. 39 The F ST values obtained from KM were substantially smaller than those for GM. On trying to find a geographic pattern of gene variation, a hierarchical F ST analysis of the Pyrenean populations grouped into three main regions (Western, Central and Eastern Pyrenees, Table 6) indicated that there was no differentiation among regions, the diversity within regions being equivalent to the total interpopulation divergence (Table 6 ). F ST values for separate regions showed significant genetic heterogeneity for Central and Eastern regions, in contrast to the homogeneity present in the Western group composed of 5 Basque populations (three from France and two from Spain).
Pairwise genetic distances, based on GM and KM gene frequencies, between the three Spanish samples and 11 French Pyrenean populations are shown in Table  7 , along with their bootstrap errors indicating that most of the distance estimates (83.5%) are significantly different from zero. Among Spanish groups, the largest differentiation corresponded to the Montes de PasGuipúzcoa comparison (genetic distance = 16.3 ϫ 10 -3 ), whereas Alava Basques were equidistant from those populations with a three-fold smaller distance. An analysis of the intra-Spanish distances inside the overall Pyrenean variation [distance range: 1.1-34.1 ( ϫ 10 -3 )] shows that: i) 67% of the values in Table 7 are low (lesser than 10 ϫ 10 -3 ), pointing to overall genetic homogeneity; ii) within the remaining largest distances, most of them (87%) correspond to the comparisons involving Vallée de l'Ouzon, Pays de Sault and Montes de Pas, which appear as clear outliers in a neighbour-joining tree (data not shown). Figure 2 displays a principal-component analysis map from both populations and alleles. The first three scaled eigenvectors account for 32.9%, 23.3%, and 18.3%, respectively (74.4% accumulated) of the total variance. In the population plot on the first two axes (Figure 2a) , the first component differentiates Montes de Pays from Pyrenean populations, in line with its geographic location and its particular origin. The second axis reflects a differentiation within the Pyrenees with a peripheral position of several groups such as Vallée de l'Ouzon and Pays de Sault on the one hand, and Guipúzcoa Basques and Luz-St Sauveur on the other. This second component also reveals the genetic divergence between the two Spanish Basque groups, Alava lying closer to the average population variation. The particular contribution of each allele to the variation along the first two axes (Figure 2b) 
Discussion
The analysis of the Ig haplotypes discussed below is based on the most complete allotype information tested to date on Spanish populations, particularly with the determination of the G2M(23) allotype that enables the frequent European haplotype GM*3;5* to be subdivided. This subdivision may be useful for detecting underlying genetic variation at a local level, as demonstrated by the absence of significance in the Montes de Pas-Guipúzcoa comparison when their haplotypes were joined ( 2 3 = 5.75, P = 0.124) and the important role of these haplotypes for detecting genetic differentiation among Pyrenean populations, as seen in Figure 2 .
Concerning the Ig gene distribution in Northern Spain, the major findings of this study are the high genetic divergence between Montes de Pas and Basques and a relative degree of differentiation between the two Basque groups. At first glance, the major differentiation of Montes de Pas could be thought to be due to the genetic peculiarity of Basque people, but comparisons with other Spanish groups (unpublished data), the Pyrenees and other continental populations emphasise that the outlying features of Montes de Pas, rather than Basque peculiarity, are responsible for such divergence. In fact, Montes de Pas has more extreme GM frequencies than Basques for GM *1,17;21,28 (near to maximum), GM*3;5* (near to minimum) and GM *1,17;. .;10,11,13,15,16 (maximum) Table 5 ). This local variation is discussed in relation to the above issues in the Introduction. This new information on Ig markers fails to demonstrate that the significant genetic variation in the Pyrenean area could be associated with any particular geographic pattern. The higher intra-than inter-region GM genetic diversity observed is not consistent with the subdivision into three geographic regions. Besides, the facts that the gene differentiation within the Central and the Eastern Pyrenees is as high as in the whole area, and that the lower between-region average distance corresponds to the comparison between the two extremes (West-East), do not support any W-E gradient for GM haplotype Pyrenean variation. Through a different analysis our results agree with those of Dugoujon et al 11 and Hazout et al, 12 identifying an overall genetic homogeneity among Pyrenean populations with several outliers irregularly distributed. These particular groups, represented mainly by Vallée de l'Ouzon and to a lesser degree by Pays de Sault and Luz-St Sauveur, account for most overall diversity because when they were discarded no heterogeneity was apparent (F ST = 0.001, for both GM and KM systems). It seems as if the Ig variation pattern in the Pyrenees should be related to local microdifferentiation processes reflecting unique historical events rather than ancient general settlement patterns. Since there is no reason to suspect heterogeneity in selection pressures in this restricted area, genetic drift and gene flow are the presumed agents responsible for the observed GM haplotype differentiation.
In spite of the general homogeneity of the Basque groups in the context of Pyrenean populations, they show a certain degree of differentiation that can be related to geography and population dynamics. The GM haplotype distribution in Guipúzcoa denotes a relatively specific position for this population (see Figure 2) 15, 19 The most striking differences from Alava are a significant absence of GM*1,17;. .;5* and a higher presence of GM*1,17;. .; 10, 11, 13, 15, 16 haplotype. If the presence of African GM*1,17;. .;5* haplotype in the Iberian Peninsula is presumably related to the Moslem invasion in 8th century, then its absence in Guipúzcoa is consistent with historical records indicating that Muslims did not conquer this region, as well as a general isolation from southern population influences. More difficult to explain is the frequency of GM*1,17;. .; 10, 11, 13, 15, 16 which has an assumed west Asian origin and could have followed various paths into European populations. Its presence in Guipúzcoa may reflect a northern influence, perhaps very ancient. As for the recombinant haplotype GM*1,17;23;21,28 described as associated to a genetic anomaly, it can be found scattered in French populations and no relevant information can be gained from its presence in the two Spanish Basque samples. But the greater number GM haplotypes found in Alava support more external influences, in line with its geographical location near the Ebro river valley, a communication path for Mediterranean peoples since prehistoric times.
The most unusual distribution in the Ig analysis corresponds to the Montes de Pas population, which shows extreme frequencies for some common and uncommon GM haplotypes within the European variation. In particular, concerning other south-west European groups, the Ig haplotype distribution of Montes de Pas is characterised by a relatively high incidence of GM*1,17;. .;5* and GM*1,17;. .; 10, 11, 13, 15, 16 haplotypes. According to historical information, the origin of the present population could be traced back to the 11th century with the resettlement of people from different regions, including Moslem slaves, giving rise later to an endogamous isolated population. Although more robust conclusions remain to be drawn from consideration of many more loci, our analysis of the GM and KM genetic regions shows that instances such as the Montes de Pas population increase the range of genetic variation in the Iberian Peninsula and illustrates how current local genetic variation can be related, at least in some cases, to quite recent historic and demographic processes.
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